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201 Materials and methods 

21The wolf’s foraging ecology was reviewed and nutrient composition data of the 
22different dietary items, and in the case of large prey species, their body 
23tissues were obtained from the literature. Data on diet compositions and 
24nutrient composition of consumed dietary items were combined to calculate 
25the nutrient profile of diets of wild wolves reported in the literature. All data 
26were collected by manual electronic literature searches conducted in Scopus, 
27Web of Science and Google Scholar. These initial searches were supplemented 
28by reference and citation tracking. The review of literature ended in October 
292012. 

30 

311.1 Diet composition 

32Potential eligible studies reporting diet compositions of wolves, whole-body 
33nutrient composition of non-ungulate prey species and organ nutrient 
34composition for ungulates were collected. As opposed to our previous study in 
35wild cats, studies reporting frequency of occurrence of dietary items were not 
36used as mean values for weight classes of young ungulates and weighted 
37values on the population structure of adult ungulates required for conversion 
38to percentage of weight (PW) were generally not available. As such only 
39studies expressing each dietary item consumed as PW of the total biomass 
40consumed by wolves were considered eligible. When studies reported details 
410n age classes (i.e. fawns/calves/piglets and (sub)adults), these were taken 
42into account in further calculations (see below) but these details are not 
43presented in the summarising table on diet compositions. If age class was not 
44specified in a study, an assumed age class distribution was applied to take 
45differences in body composition and extent of consumption (see below) into 
46account. Based on diet composition data, the average age class composition in 
47summer for caribou or reindeer (Rangifer tarandus), moose or elk in Europe 
48(Alces alces), and white-tailed deer (Odocoileus virginianus) was 
49approximately 85% adults and 15% calves/fawns and for wild boar (Sus 
50scrofa) 50% adults and 50% piglets throughout the year. Wagner et al. 
51presented the average percentage adults and juveniles of roe deer (Capreolus 


52capreolus), red deer (Cervus elaphus) and wild boar over 8 years, and these 


53percentages were applied for diet composition of each year of the study. The 
54distribution between adults and juveniles in fallow deer (Dama dama) was 
55calculated as the average of that in roe and red deer, i.e. 68% adults and 32% 
o6juveniles. Furthermore, it was assumed that during the winter period the 
o7ungulates have a body composition resembling that of an adult and are 
58consumed by wolves as such. For studies reporting year-round data, the 
59average age class distribution for summer and winter was used. Studies on 
60the diet compositions of wild wolves most often estimated the PW of various 
61dietary items (animals and vegetation) based on stomach or scat analyses. 
62Dietary items were identified by bone, hair, feather remains and other 
63undigested material in collected stomachs or scats according to described 
64taxonomic keys and/or own reference material of the researchers. Studies 
65with a stomach or scat sample size lower than 94 stomachs or scats were not 
66included in the present study (see Trites & Joy). To guarantee the ‘wild’ and 
67'human-independent' feeding behaviour of the wolves, studies in which 
68human-linked foods (e.g., food scraps, garbage, livestock) contributed more 
69than 5% of the consumed biomass were excluded. 

70 

711.2  Ungulate body composition 

72Data on the weights of main body tissues included muscle, heart, liver, lungs, 
73spleen, kidneys, pancreas, separable fat, bones, bone marrow, blood, empty 
74stomach (rumen, reticulum, omasum, and abomasum), empty intestines (small 
75and large), brain, hide, and hooves as a percentage of total body mass of 
76ungulates were collected. As data on the diet composition in literature are 
77most often relatively general in nature (e.g. PW for adult ungulate or fawn of 
78unknown gender), studies reporting more specific data on ungulate body 
79composition according to gender were averaged and data on specific ages of 
80animals were averaged by the age classes young fawns/calves/piglets and 
81(sub)adults (212 months). Data on specific ages within these classes and data 
82from multiple studies on the same animal species were averaged and 
83presented as such. Ingesta-free body composition data for white-tailed deer 
84presented by McCullough & Ullrey were corrected for weight of digesta 
85accounting for 13.9596 of BW in adults and 4.85% of BW in fawns. The body 


86compositions of caribou, muskox, red deer, white-tailed deer, and wild boar 
87are shown in the Table S1. Where data for body tissues within age class were 
88missing, data from the other ruminant ungulate species were used. Ruminant 
89ungulates were classified according to Hofmann and Bodmer as concentrate 
90selectors and intermediate types. Concentrate selectors were white-tailed 
91deer, black-tailed deer (O. h. columbianus), roe deer, moose, and fallow deer 
92and intermediate ruminant type ungulates were red deer or elk, caribou, 
93chamois (Rupicapra rupicapra) mountain goats (Oreamnos americanus), 
94mouflon (Ovis aries orientalis), and muskox (Ovibos moschatus). Concentrate 
95selectors were assumed to have a similar body composition as white-tailed 
96deer. For intermediate types, chamois, mountain goats, and mouflon were 
97assumed to be similar in body composition as adult red deer. The body 
98composition of muskox was used to be representative for the European bison 
99( Bison bonasus). Body composition of unknown ungulates was taken to be the 

100average of that of caribou (adult), muskox, red deer (adult), and white-tailed 

101deer (adult). 

102 

1031.3 Prey consumption 

104As consumption of large ungulates is selective and not complete, the extent of 

105body tissue consumption (in percentage) was based on prey consumption 

106behaviour of wolves as described by Stahler et al.. It was assumed that half of 

107the blood is spilled during hunting, killing, and consuming of adult prey 

108animals and the other half of the blood remained in the tissues. The assumed 

109extent of consumption for different body tissues of ungulate prey is presented 

110in Table S2. 

111 

1121.4 Nutrient composition of dietary items 

113The nutrient composition of ungulate body tissues required for the calculation 

114of diet composition are shown in the Table S3. No data were found for the 

115micronutrient and trace elements of hair and hooves as well as the K contents 

116of separable fat and marrow and were therefore set at 0. Contents of 

117micronutrients and trace elements of the spinal cord were assumed to be 


118similar as those of the brain. Age classes of ungulates were assumed not to 
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119differ in nutrient composition of specific body tissues. Where data for nutrient 
120composition were unavailable, the average composition of other ungulate 
121species was used taking into account feeding strategy (i.e. concentrate 
122selector or intermediate type) where possible. The intermediate types of 
123ungulates (i.e. chamois, mountain goats, mouflon, and muskox), wild boar, 
124European bison, and livestock were assumed to be similar in nutrient 
125composition of body tissues as adult red deer. Nutrient composition of body 
126tissues from unknown ungulates was taken to be equal to the average 
127composition of caribou (adult), muskox, red deer (adult), and white-tailed deer 
128(adult) while European bison and livestock were used for muskox. For 
129beavers, the average composition of rodents and medium-size mammals was 
130used and for cats, dogs, bears, and lynxes the average composition of arctic 
131blue fox (Alopex lagopus) and red fox (Vulpes vulpes) was used. Vegetable 
132matter and ‘other’ dietary items were not included as these were not 
133sufficiently specified to allow further calculations. Composition data of berries 
134which are consumed under specific circumstances (see below) is presented in 
135Table S4. The N-free extract (NFE) content was calculated by difference as 
136100 - CP - ethereal extract (EE) - ash contents. For large ungulates, it was 
137assumed that the liver and muscles were the only body tissues with 
138carbohydrates (i.e. glycogen). The NFE content was only calculated for the 
139liver, estimated to be 1.2 % of DM in muscle (based on average NFE content 
140for available muscle data) and assumed to be 0 for all other body tissues. As 
141the sum of values for CP, EE and Ash derived from literature was generally 
142not 100%, values for each of these parameters were corrected by multiplying 
143by (CP+EE+Ash)/100. The estimated mean metabolisable energy (ME in kJ) 
144content of ungulate body tissues and non-ungulate prey were calculated using 
145modified Atwater factors as (3.5 x CP + 8.5 x EE + 3.5 x NFE) x 4.1868. 

146 

1471.5 Calculations of nutrient intake 

148The nutrient composition of study diets and simulated diets was calculated by 
149combining the PW for each dietary item, ungulate body tissue composition, 
150extent of consumption of body tissues, and nutrient compositions of body 


151tissues and non-ungulate preys. Nutrient intake was based on the body tissues 


152actually consumed, by dividing percentage values for consumed body tissues 
153by the sum of percentages of all consumed body tissues and multiplied by 100. 
154Furthermore, for each diet, the PW of each item was corrected for the sum 
155PW of all dietary items excluding the categories ‘Vegetation’ and ‘Other’ 
156(together on average 1% of the diets), making the calculated dietary nutrient 
157profiles based on an average of 97.8% of total PW. Data entry, management, 
158and statistical descriptive analyses were conducted using Windows Microsoft 
159Excel 2010 (Microsoft Corp., Seattle, WA, USA). 

160 
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302Table S1. Composition of various tissues of ungulates (in % of total body mass). 


Speci Tot 
es* Age Body tissuet al 
Mu He Lu Sp Kid Pa SFa Ma Bl Sto Int Bra Bo Hid Ho 
class SC a Liv n le n nc t rr oo m e in ne e OV 
Caribo 37.2 1.1. 2.5 0.5 1.5 3.2 18. 67 
u Fawn 7 7 0 - 3 - - - - 8 0 1.40 20 - - 77 
36.0 1.1 1.6 0.2 14. 2.9 1.9 10. 8.8 80 
Adult 0 5 1 - - 7 31 - - 8 1 0.39 98 4 - 64 
Musko Gener 37.6 0.5 1.3 0.1 0.2 3.2 15. 64 
X alt 1 3 6 - 3 8 - 2 - - 5.15 - 91  - - 19 
Red 45.2 0.9 2.6 2.7 0.1 0.4 0.0 7.0 1.4 2.8 17 13. 96 
deer Fawn 1 9 1 5 8 0 7 - - 9 9 0 1.46 11 94  - 10 
45.5 0.7 1.3 1.3 0.6 0.2 0.0 7.0 24 2.4 11 6.9 81. 
Adult 2 2 4 7 3 3 7 - - 3 2 9 0.36 69 2 - 04 
49.1 0.8 1.6 12 02 0.2 0.1 5.7 4.9 8.4 7.0 0.2 80. 
White- Fawn 2 6 5 0 8 4 1 8 0.50 3 - - 0.40 0 1 8 76 
tailed 45.1 0.6 1.3 0.2 0.2 11. 5.5 6.7 6.8 0.2 78. 
deer Adult 1 5 8 - 8 4 - 07 0.36 7 - - 0.25 6 1 2 70 
Wild 43.5 0.4 2.1 1.1 0.2 0.3 15. 4.1 11. 17. 96. 
boar Adult 9 1 7 9 2 8 - 81 - 7 - - - 59 00 - 53 


303*References caribou: Borch-Iohnson et al, Chan-McLeod et al., Gerhart et al, Knott et al., Reimers et al. 
304Ringberg et al.; muskox: Adamczewski et al., Knott et al.; red deer: Grace et al., Houston, Meadows & Hakonson; 
305white-tailed deer: McCullough & Ullrey, Robinson, Verme & Ozoga, and Watkins et al.; wild boar: Muller et al., 
306Skewes et al.. 

307TMusc, muscle; Hea, heart; Liv, liver; Lun, lungs, Sple, spleen; Kidn, kidneys; Panc, pancreas; SFat, separable fat; 
308Marr, marrow; Bloo, blood; Stom, stomach; Inte, intestines; Hoov, hooves; -, data were not available. 

309+Average of calf and adult. 
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310Table S2. Assumed extent of consumption (in % of total) for different body 


311tissues of young and adult ungulate prey. 


Animal tissue Young Adult 
Muscle 100 100 
Heart 100 100 
Liver 100 100 
Lungs 100 100 
Spleen 100 100 
Kidneys 100 100 
Pancreas 100 100 
Separable fat 100 100 
Marrow 75 30 
Blood 50 50 
Stomach 100 80 
Intestines 100 80 
Brain 50 10 
Bone 75 30 
Spinal cord 5 (0) 
Hide 50 20 
Hooves 0 0 
Digesta 0 0 
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313Table S3. Nutrient composition of ungulate body tissues. 


Body tissue Content* Referen 
ces 
% g/100 g DM mg/100 g DM 
DM CP EE NFE Ash Ca P Na K Mg Cu Fe Zn 
Ungulate 
Muscle 
Bison 25.4 86.9 8.2 12 3.8 0.02 0.74 0.21 1.35 98 0.35 10.2 11.0 
1 
Caribou 28.1 82.7 12.4 1.2 3.7 0.03 0.80 0.21 0.97 99 0.92 16.8 15.5 
5 
Fallow deer 25.2 85.1 12.4 1.2 3.7 0.06 0.88 0.28 1.20 85 0.76 10.3 12.4 
9 
Moose 26.4 86.9 8.2 1.2 3.8 0.07 0.77 0.24 1.36 103 0.37 15.1 16.2 
9 
Muskox 25.0 84.5 8.9 1.2 5.3 0.01 0.64 0.20 1.68 100 0.52 18.0 9.60 
Red deer 22.6 90.9 3.5 1.2 45 0.05 0.72 0.25 1.33 88 0.77 14.6 15.3 
1 
Roe deer 25.5 88.0 6.5 1.2 4.3 0.07 0.91 0.23 1.34 85 0.85 10.3 11.3 
5 
White-tailed 29.4 75.6 19.6 1.2 3.6 0.03 0.61 0.17 1.33 72 0.66 10.3 12.3 
deer 5 
Wild boar 25.5 84.5 10.3 1.2 4.5 0.05 0.80 0.26 1.20 76 0.63 9.5 14.3 
1 
Heart 
Caribou 24.4 78.7 16.8 0.0 45 0.02 0.79 0.47 1.71 85 1.84 40.8 7.59 
Red deer - - - 0.0 - 0.02 1.00 0.34 1.34 107 1.94 23.8 11.1 
0 
White-tailed 24.3 80.3 15.3 0.0 44 0.03 0.74 0.30 1.35 80 1.80 20.5 7.68 
deer 
Liver 
Caribou 28.7 66.8 13.6 14.6 5.0 0.01 1.05 0.28 1.09 68 12.5 96.9 13.2 
0 1 
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Moose 
Red deer 


White-tailed 
deer 
Lungs 
Caribou 


Moose 

Red deer 
Spleen 

Beef 

Red deer 


Kidneys 
Moose 


Red deer 


Pancreas 
Beef 
Red deer 
Separable fat 
Caribou 
Moose 
White-tailed 
deer 
Stomach 
Caribou 


Red deer 
Intestine 


14 


0.29 
0.37 


177 


14 


Pig 

Red deer 
Blood 

Moose 


White-tailed 
deer 
Brain 
Caribou 
Red deer 
White-tailed 
deer 
Spinal cord 
White-tailed 
deer 
Bones 
Red deer 


White-tailed 
deer 
Marrow 

Caribou 

Moose 

White-tailed 
deer 
Hide 

Caribout 

Red deer 

White-tailed 
deert 
Hooves 

White-tailed 
deer 


0.00 


59 
70 


0.00 


15 


15 


314DM, dry matter; CP, crude protein; EE, ether-extract; NEE, N-free extract. 

315-, not indicated. 

316*NFE content was only calculated for the liver, estimated to be 1.2 % of DM in muscle (based on average NFE content 
317for available muscle data) and assumed to be 0 for all other body tissues. As the sum of values for CP, EE and Ash 
318derived from literature was generally not 100%, values for each of these parameters were corrected by multiplying by 
319(CP+EE+Ash)/100. 


320tCalculated based on a hair to skin ratio of 2.1 to 1 as found for white-tailed deer. 
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321Table S4. Nutrient composition of dietary items of the wild wolf diets. 


17 


Dietary item Content Referen 
ces 
% g/100 g DM mg/100 g DM 
DM CP EE NFE Ash Ca P Na K Mg Cu Fe Zn 
Ungulates 
Moose adult 38. 11.9 This 
9 69.9 242 1.0 4.8 1.05 1.07 0.26 1.02 95 0.48 29.0 8 study 
Moose calf 37. 12.6 This 
0 73.0 18.0 1.1 7.9 2.88 1.92 0.30 1.04 130 0.55 26.6 8 study 
White-tailed deer 40. This 
adult 9 62.4 31.8 1.1 4.7 1.02 0.96 0.21 1.02 75 0.65 26.3 9.47 study 
White-tailed deer 39. 10.1 This 
fawn 1 65.5 25.5 1.2 7.8 2.85 1.80 0.26 1.03 109 0.72 24.0 6 study 
Red deer adult 39. 10.9 This 
0 68.9 24.0 1.0 6.1 0.70 0.95 0.26 0.96 76 0.59 28.2 2 study 
Red deer fawn 38. 11.6 This 
7 72.1 14.9 1.1 11.9 2.17 1.82 0.35 0.96 101 0.60 26.9 6 study 
Roe deer adult 38. This 
3 70.5 23.3 1.1 5.2 1.05 1.16 0.25 1.02 84 0.78 26.1 8.82 study 
Roe deer fawn 36. This 
5 73.6 17.0 1.1 8.3 2.88 2.00 0.30 1.03 118 0.85 23.7 9.50 study 
Fallow deer adult 38. This 
2 68.6 25.3 1.1 5.0 1.04 1.14 0.28 0.93 84 0.73 26.1 9.55 study 
Fallow deer fawn 36. 10.2 This 
3 71.8 19.1 1.1 8.1 2.87 1.98 0.32 0.94 118 0.80 23.7 4 study 
Caribou adult 44, 10.6 This 
1 62.1 31.1 1.0 5.8 0.76 1.00 0.25 0.75 82 0.91 35.2 3 study 
Caribou calf 43. 11.5 This 
0 65.8 20.4 1.0 12.7 2.50 2.03 0.34 0.80 111 0.97 32.6 3 study 
Wild boars adult 42. 10.1 This 
5 62.8 30.1 1.1 6.0 0.70 1.00 0.27 0.86 68 0.52 20.4 8 study 
European bison 32. 76.4 15.2 1.1 7.3 0.78 1.10 0.28 1.11 92 0.42 29.9 9.56 This 
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Mouflon 

Mountain goats 
Livestock 
Unknown ungulate 


Non-ungulates 
Beavers 


Bears, cats, dogs, 
lynxes 

Hares or rabbits* 

Insectivora 

Medium-size 
mammalst 

Mustelidaet 

Rodents** 

Squirrels 

Wild boar pigletstt 

Birds 

Vegetation 


Raspberries 
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68.9 24.0 


68.9 24.0 


74.9 16.2 


66.8 26.2 


58.5 24.8 


55.2 28.8 


71.8 6.2 


61.6 19.0 


55.2 28.8 


39.6 44.4 


61.8 20.9 


65.5 22.1 


54.9 24.2 


64.6 15.9 


1.0 


1.0 


Ll 


1.0 


3.9 


2.4 


4.9 


4.5 


2.4 


5.6 


5.4 


0.0 


6.9 


8.9 


3.3 3.3 714 


6.1 


6.1 


7.6 


6.0 


12.8 


13.6 


15.7 


14.9 


13.6 


10.4 


12.0 


12.4 


14.0 


10.6 


2.3 


0.70 


0.70 


0.95 


0.95 


76 


76 


0.59 28.2 


0.59 28.2 


study 
This 
study 
This 
study 
This 
study 
This 
study 


This 
study 
This 
study 
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Blueberries 12. 4.9 11.0 76.0 2.0 0.11 0.11 0.01 0.74 73 0.60 1.8 2.21 
8 
322DM, dry matter; CP, crude protein; EE, ether-extract; NFE, N-free extract. 


323-, not indicated. 


324*Macronutrients from Davison et al., Litvaitis & Mautz, and Powers et al., and micronutrients and trace elements in 


325rabbits from Plantinga et al.. 

326TAverage of skinned arctic blue fox (Alopex lagopus) from Prestrud & Nilssen and ingesta-free red fox (Vulpes vulpes) 
327from Lefebvre et al.. 

328łAverage of American marten (Martes Americana) from Buskirk & Harlow, fisher (Martes pennant) from Garant & 
329Crête, and mink (Mustela vison) and polecat (Mustela purorius) from Korhonen. 

330**Average composition of mice and voles presented by Plantinga et al.. 


331tTCalculated as the average of crossbred (Hampshire, Yorkshire, Duroc) piglets of 1.5 kg and 6.4 kg in BW. 
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